SYNOPSIS Bladder biopsies from six boys without a history of urinary tract infection were taken during hypospadias repair operations and examined by electron microscopy. The ultrastructure of the epithelium, which was presumed to represent the normal, is described in detail and compared with the reported findings in other mammalian species. The appearances are generally similar although in our material the luminal membrane of the superficial cells was thicker than that surrounding the other epithelial cells but not asymmetrical. We observed membrane-coating granules which have not been reported before in bladder epithelium.
The electron microscopic appearances of the urinary bladder epithelium of several mammalian species are well documented but there are few reports of similar studies in man. Fulker, Cooper, and Tanaka (1971) described the ultrastructure of human transitional cell carcinoma and commented on the appearance of the epithelium in the non-neoplastic areas, and Battifora, Eisenstein, and McDonald (1964) studied tissue obtained by cystoscopic biopsy from 13 adults, some with benign prostatic hypertrophy but all free of bladder neoplasia. However, patients with obstructive disease of the urinary tract are not entirely suitable for study of the normal bladder and it is the purpose of this paper to describe the bladder epithelium obtained from six boys undergoing surgery for congenital lesions of the lower urethra in whom there was no evidence of other urological abnormality. The ultrastructural and histological appearances are described and compared with those seen in a group of 24 children with symptoms of urinary infection. The cystoscopic findings and the results of bacteriological investigations are also recorded.
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Materials and Methods

CLINICAL
Specimens of bladder mucosa were obtained from the trigone at the time of suprapubic urinary diversion in six boys aged 2-13 years (table I) who were undergoing repair of hypospadias and had no clinical or bacteriological evidence of past or present urinary tract infection. Eighteen girls and six boys formed a control group in which the majority had recurrent urinary tract infection usually with vesicoureteric reflux and which included two children (cases 7 Tissue for electron microscopy was placed in a similar 10% sucrose buffer and postfixed in osmium tetroxide (1 % Os04, 10 % sucrose, 0 1 M cacodylate buffer, pH 7'2, and 2mMCa+ +)for onehour. After a brief wash in sucrose buffer the tissue was dehydrated and embedded in Spurr's resin (Spurr, 1969) . Pale gold sections were cut with a diamond knife (Dupont) on a Sorvall Porter Blum mark 2TB ultramicrotome and double stained with uranyl acetate and lead citrate. Sections were examined in an AEI EM 6G electron microscope at 80 Kv with a 250 u condenser aperture and a 25 ,u objective aperture. As a preliminary, 1 ,u sections were stained with 0-5 % toluidine blue and examined under the light microscope.
BACTERIOLOGY
The mucosal fragments were weighed and washed three times in 1 ml sterile distilled water. The tissue was then homogenized in 0 5 ml glucose broth using an all-glass homogenizer. Cultures of measured aliquots of the homogenates, the first and last washings and of the urine sample taken at the time of biopsy, were plated out onto blood agar and MacConkey's medium. Spot cultures were made onto Sabouraud's dextrose agar medium (Oxoid) and the remnants of the homogenates were inoculated into a glucose broth bottle. All cultures were incubated aerobically at 37°C and samples plated onto blood agar were also incubated anaerobically using a disposable Gas-Pak (BBL).
The plates were inspected for growth after overnight and 48 hours' incubation and organisms were identified by standard methods. The plates of Sabouraud's medium were kept at room temperature (20-22°C) for eight days before being discarded and the anaerobic plates were incubated for five days before a negative result was reported. The glucose broth culture if turbid was subcultured-for identification.
The urine samples were measured for pH, protein, and glucose concentrations using strips of BiliLabstix (Ames). White blood cells were counted in uncentrifuged urine using a modified FuchsRosenthal counting chamber and expressed as white blood cells per cmm. Centrifuged deposits were examined microscopically after staining with Geimsa and Gram's stains.
Homogenized bladder tissue and/or urine samples from all cases were cultured for L forms of bacteria using brain-heart-infusion agar medium (Oxoid) stabilized with 0-6 M sucrose and 01008 M magnesium sulphate (Newsom, 1970) . Urine samples were filtered through a 0-22 , pore Millipore GS filter using a Swinny adaptor fitted to a 10-ml syringe before inoculation into L-form medium. In 15 cases virus isolation in tissue culture was attempted using both homogenized bladder mucosa and urine samples stored at 4°C for a maximum of six hours before use.
Results
CLINICAL
The cystoscopic appearances of the bladder mucosa (table I) were normal in the six boys undergoing operations for repair of hypospadias and in 12 of the control cases. In the remainder mucosal lesions were described as solid or translucent, large (more than 0 5 cm) or small. Six bladders also showed areas of erythema and in one patient the mucosa was oedematous.
HISTOLOGY
The 30 biopsies were divided into three groups on the basis of changes seen in the subepithelial stroma ( (table III) .
ELECTRON MICROSCOPY
The specimens obtained from the six boys undergoing repair of hypospadias were well preserved but those from the controls showed much cell separation and shrinkage, presumably due to dilatation of the bladder with water before the biopsy was taken. However, the overall preservation of the internal cell architecture in all specimens was good. In four cases large numbers of bacteria were seen on the outer surface of the epithelium. These were assumed to be contaminants as the specimens were not collected into a sterile fixative. No bacteria were seen within the epithelial cells.
Overall appearance of the epithelium (fig 1) No fewer than three cell layers were seen in any specimen but tangential sectioning of the epithelium in the majority made it impossible to determine accurately its thickness. consisted mainly of small vesicles with a few cisternae; pinocytotic vesicles were numerous at the cell surface.
Superficial cells
These were large, covering the entire free surface of the epithelium and each overlying two or three deeper cells. The cell shape varied according to the degree of distension of the bladder. Some appeared columnar (fig 7) and others flattened (fig 1) and intermediate forms were seen.
The cell membrane at the luminal surface was approximately 12 nm in width and had a trilaminar structure in which the inner and outer dense leaflets appeared to be the same width (fig 8) . The luminal The junctional complex is composed of a zonula adhaerens (za) and a series of desmosomes (d). Glycogen (Gly) and membrane coating granules (mcg) are also present. Case 9 x 60 000. surface was angular in outline, indicating a rigid membrane. Numerous fusiform vesicles, also lined by surface membrane, were present near the luminal surface. At the outer surface adjacent cells were joined by a zonula adhaerens and a series of desmosomes; a zonula occludens was rarely seen.
The nuclei of the superficial cells were large with a smooth outline and contained little condensed chromatin; the nucleolus was small. Mitochondria were numerous and dispersed throughout the luminal surface. Occasional membrane-coating granules (fig 8) , consisting of a dense core with a single limiting membrane, were also seen.
In cases from groups El and E2 the surface cells contained large numbers of heterogenous secondary lysosomes (fig 7) similar to those described for the intermediate cells. The Golgi apparatus was difficult to distinguish and consisted mainly of large vesicles scattered throughout the cytoplasm.
In cases from group E3, however, fewer lysosomes were seen and there was an increase in the amount of endoplasmic reticulum (fig 9) and pinocytotic activity at the cell surface. The Golgi apparatus was large and consisted of large stacks of cisternae with associated small vesicles.
Discussion
That the electron microscopic appearance of five of the six boys without urinary infection and undergoing hypospadias repair operations were similar and the bladder mucosa was normal on cystoscopic, light microscopic, and bacteriological examinations (table I) indicated that these patients had healthy bladders. The ultrastructural appearances described, therefore, are those of normal bladder epithelium. In one boy (case 3) urine microscopy revealed 33 WBC per cmm in a heavily bloodstained specimen. As all other findings were normal and the electron microscopic appearances were similar to the other five cases, it is considered that this boy's transitional epithelium is also normal and the high white cell count was probably the result of peripheral blood contamination. Less correlation was evident between electron and light microscopic appearances (table I) although five of the eight group E3 cases showed acute inflammation (group L3), the remainder being included in the chronic inflammation group (L2). Light microscopy appeared to be a poor guide to the presence of infection as only half of the 10 group L3 cases had evidence of present infection (group B3 or currently positive MSU), the other five having had infections within the previous three months. These results can be compared with those reported by Marsh, Banerjee, and Panchamia (1974) who used a different system of histological grading and investigated a larger series of cases. They found that definite focal or diffuse lymphocytic infiltration and germinal follicle formation correlated significantly with infection.
Of the clinical descriptions of abnormal bladder mucosa, translucent lesions (also referred to as 'cystitis cystica' by urologists) were observed in six cases (table I) in five of which there was also bacteriological evidence of current infection, the sixth having had an infection two months previously. The appearance of erythema is also associated with the presence of infection as four of the five cases in which this was observed had infection at the time, one case being infected a month previously.
Three papers describe the ultrastructure of normal human bladder epithelium (Battifora et al, 1964; Fulker et al, 1971; Kashiwai, Yano, and Kusunoki, 1963) although in none of these studies were special precautions taken to ensure that the bladder was free of disease. Nevertheless the findings are in general agreement with our description of a threelayered stratified epithelium in which secondary lysosomes are a prominent feature of the superficial and intermediate cell layers . Fulker et al (1971) indicate that in some of their cases they observed the asymmetrical unit membrane of the luminal surface of the superficial cells that is an established feature of the urinary tract epithelium of other mammalian species (Koss, 1969) . In the asymmetrical unit membrane the outer (luminal) leafletofthetrilamina membrane is twice as thick as the cystoplasmic leaflet and at high magnification has periodic densities due to regularly spaced subunits (Hicks and Ketterer, 1969) . In our material, the entire unit membrane of the luminal surface of the superficial cells appeared thicker than that surrounding other parts of the cell (fig 8) Hicks (1966) and Koss (1969) in rats that the Golgi system is probably the site of assembly of the thick plasma membrane which is transported via vesicles to the cell surface.
There have been several suggestions concerning the possible means by which the transitional epithelium accommodates the intermittent expansion and contraction of the urinary bladder. Although no special precautions were taken in our cases to obtain tissue at known degrees of bladder dilatation, the superficial cell layers of different cases showed a variety of contours (compare figs 1 and 7) and invaginations seemed to occur at the site of cell junctions (fig 7) .
We did not observe any connexions of the intermediate and superficial cells with the basal lamina which Petry and Amon (1966) suggested would permit contraction and expansion of the epithelium. However, such a sliding action was thought unlikely by Richter and Moize (1963) ,who studied artificially distended and contracted bladders of four mammalian species, and found that the cells of the three layers elongated in the distended epithelium and that when contraction occurred they became cuboidal in shape and interdigitated. In our material interdigitations between cells thought to be from contracted bladder epithelium (fig 7) were seen and we agree that these probably disappear on expansion.
We observed a small number of membranecoating granules in the superficial cells (fig 8) of the type which Hayward and Hackemann (1973) described as being associated with non-keratinized epithelium. From cytochemical studies these authors consider that the granules contain a glycoprotein which can be discharged onto the luminal plasma membrane. This may be the origin of the mucosubstances that Monis and Dorfman(1967) identified as sialomucins which cover the epithelial surface and which presumably help the waterproofing function of the epithelium.
An increase in the amount of rough endoplasmic reticulum in the cells of the intermediate and superficial layers was present in our cases with acute infection and was also noted by Kashiwai et al (1963) in inflamed human transitional epithelium. Racz, Kaiserling, Tenner, and Wuthe (1973) described the appearances of guinea pig urinary bladder epithelium artificially infected with Listeria monocytogenes in which the organisms become surrounded by endoplasmic reticulum and there is an increase in the number of autophagic lysosomes.
It would appear therefore that the endoplasmic reticulum is stimulated during infection and may thus have a protective function. Tomasi, Tam, Solomon, and Prendergast (1965) Koss (1969) considers is concerned with digestion of excess and used surface membranes. As the Golgi apparatus in the infected cases contains no thickened membrane and only small vesicles and cisternae (table IV) , it is likely that little specialized membrane is formed and the need for lysosomal digestion is therefore removed. Lysosomal activity, however, does not cease during infection, as we also observed an increase in the number of Golgi-associated primary lysosomes and it is possible that these organelles contain a bacteriocidal agent which would have a protective function when discharged onto the cell surface.
